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ABSTRACT
A TOMIC DISTRIBUTION OF PtCo/C NANOPARTICLES AS INVESTIGATED BY X-RAY
ABSORPTION SPECTROSCOPY. X-Ray Absorption Spectroscopy(XAS) was utilized to deducethe
structuralparametersthatcanprovideinformationonatomicdistributionandextentof alloyingaswell asthe
surfacepopulationof bimetallicnanoparticles(NPs). In this study,we focusedon PtCo/C NPs treatedby
CO with variousof time.XAS measurementshowedthat thisexperimentis relatedto theCase3, which is
lp, <100% andlCa <100%, thenbothPt andCo atomsarenotpreferredto bealloyed,andit indicatesthata
higherextentof PtlCo atomspreferonly to a lesserextentalloying betweenPt and Co atoms.If lCa > lPt'
it appearsthatthecoreis rich in Pt atomsandshell is rich in Co atoms.On thecontraryif lPt>lCa resultingin
Co atomsarerich in thecoreandPt atomsarerichin theshell.TheXAS resultsrevealthatthetimeoftreatment
influencesthesurfacepopulationhencethestructureof thecatalyst.CatalysttreatedCO for 0,3 and5 hours
leadstohigherpopulationofPt onthecoreandCo wasmovedtothesurfaceresultingtoPt rich in coreCo rich
in shell, while treatedfor 7 and 15hoursleadsto higherpopulationof Pt on theshell andCo on thecore
resultingto Pt rich in shell Co rich in core.
Keywords: Atomic distribution,X-Ray AbsorptionSpectroscopy,Coordinationnumber,Alloy extent
ABSTRAK
DISTRIBUSI ATOM NANOPRATIKEL PtCo/C HASIL INVESTIGASI DENGAN X-RAY
ABSORPTION SPECTROSCOPY. X-Ray AbsorptionSpectroscopy(XAS) telah digunakan untuk
memperkirakanparameterstrukturyangdapatmemberikaninformasitentangdistribusiatomdanbataspemaduan
sebagaimanahalnyapopulasipermukaananopartikel(NP) bimetal.Padapenelitianini,pembahasandifokuskan
padaNP PtCo/C denganperlakuanCO divariasiwaktu.HasilpengukuranXAS menunjukkanbahwapercobaan
ini berhubungandenganCase3, dimanalp, < 100% dan lCa < 100% makakeduaatomPt danCo tidak
disarankanuntukdipadukandanhalini menunjukkanbahwasemakinbanyakatomPtlCo hanyasedikitantara
atomPt danCo yangmembentukalloy.Bila lCa >lp" makabagiancorekayadenganatomPt danbagianshell
kayadenganatomCo. Sebaliknyajikalpt>lCa menghasilkanatomCo kayadi bagiancoredanatomPt kaya
dibagianshell.Hasil XAS menunjukkanbahwalamawaktuperlakuanmempengaruhipopulasipermukaan
sehinggamempengaruhistrukturkatalis.KatalisyangdikenaiperlakuanselamaI jam hingga5jam mendorong
terjadinyapopulasiPt yangtinggipadacoredanCo bergeserke permukaansehinggakayaPt di bagiancore
kayaCo di bagianshell,sedangkanperlakuanselama7jamhingga15jammengakibatkanpopulasiPtyangtinggi
padashelldanCo padacoresehinggakayaPt di bagianshellkayaC di bagiancore.
Kala kunci: Oistribusiatomis,X-RayAbsorptionSpectroscopy,Bilangankoordinasi,Penyebaranalloy
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varydifferenttromthebulk, it dependsontheheatof
segregationandthesurfacemixing energy.He found
thatutilizing this strategyresultingin a highly active
catalystwitha low amountof noblemetal.
In thisstudy,wefocusedonPtCo/C NPs treated
byCO withvariousof time.TheXAS techniquesisused
to extract the structural parametersrequired for
understandingtheatomicdistributionandalloyingextent
andthecorrespondingstructureis revealed.
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INTRODUCTION
Bimetallicnanoparticles(NPs)areofgreatinterest
from both a scientificand technologicalperspective
becauseof themodificationof physicalandchemical
propertiesnotonlyduetoquantumsizeeffectsbutalso
asaresultof thecombinationof differentmetals[1-2].
BimetallicNPs displayfascinatingelectronicandoptical
propertiesdifferenttromthoseofthe bulkmetal[2]. In
order to understand the nanostructure-property
relationships,it is reallynecessaryto investigateboth
the chemical statesand the atomic distribution in
bimetallicNPs.
In thefield of heterogeneouscatalysis,studyof
the surfacecompositionof bimetallic NPs is being
fundamental.The interaction of surface atoms of
the catalystwith reactantswill playa significantrole
in catalysis.In manycases,the surfacecomposition
of bimetallic NPs differ from that of the bulk and
has a significantinfluenceon NP activity,selectivity
andstability[3].
In the last two decades X-ray absorption
spectroscopy(XAS) has increasinglybeenappliedto
study the structureof metal cluster.This is may be
attributedto itsuniquepotentialto provideinfonnation
regardingtotheoxidationstateandlocalcoordination,
numberand identityof neighborsof absorbingatom
[1,4,6].XAS techniquesalso canprovideinfonnation
onthemorphologyof theconsideredspecies,aswellas
thedistributionof thetwometalsinsidethespecies.
XAS studies can be distinguished into two
parts:XANES andEXAFS. X-rayabsorptionnearedge
structure(XANES) providescriticalinfonnationabout
theoxidationstateandtractionald-electrondensityand
electronicenvironmentof theabsorbingatoms.While
extendedX-ray absorption fine structure(EXAFS)
providesdetailsaboutthenumber,typeanddistanceof
backscatteringatomsurroundingthecentralabsorbing
atom, investigationon the short rangeorderingand
providegeometricinfonnation.TheXAS techniqueshas
been proved as a powerful technique for the
characterizationfbimetalliccatalysts,sinceitisdifficult
to obtainstructuralinformationon such systemby
meansof conventionalmaterialanalysismethodatthe
earlystages[7-8].
PtCo bimetallic catalyst have been studied
exhaustivelyduringthe pastdecade.It was reported
thatPtalloyedwithCo onthecarbonsupportyieldbetter
catalyticactivitythanpure Pt, wherethe moststudy
werePtCowithratioof 1:1to 1:3[9-11].Fewreasonsfor
thehighcatalyticactivityforthesealloyareascribedto
the modificationof the electronicstructureof Pt on
alloyingwith Co andstructuraleffecton Pt. A novel
preparationprocedureof suchcoreshell nanoparticle
usinganadsorbate-inducedsurfacesegregationeffect
hasbeendemonstratedby Mayrhoferet al [12]. The
compositionof thesurfaceofa bimetallicsystemcanbe
EXPERIMENTAL METHOD
CatalystPreparation
A commercialCarbonsupportedPtCo supported
atCarbonVulcanXC 72(nominalatomicratio50: 50)
with 20 wt% metal loading electrocatalyst from
PREMETEK was preparedby treatedwith CO as
adsorbateatthetemperatureof200°C fordifferentime
0,3,5,7, and15hoursbyusingU tubereactor.Prior to
CO treatment,hecatalystwastreatedwithflowingHzat
300°Cfor2hourstocleantheimpuritiesandtoeliminate
theoxidecontribution.
XAS Measurement
The X-ray absorptionspectrawererecordedat
the beamline 17CI, National SynchrotronRadiation
ResearchCentre,Hsinchu,Taiwan.Theelectronstorage
ringwasoperatedat 1.5GeV withacurrentof300 mA.
A Si (111)doublecrystalmonochromatorwasemployed
for theenergyselectionwith a resolution~E/E better
than2 x 10-4atboththePt Lm-edge(11564eV) andthe
CoK-edge(7709eV).All oftheexperimentsonbimetallic
nanoparticleswere conductedon a homemadecells
fabricatedwithstainless teelforanXAS powderstudy.
Prior to theXAS measurements,amplewerereduced
with10%Hzfor I hoursat300°Ctoremovetheoxidized
speciesif anyremainedon thesurfaceduringcatalyst
preparation. The total amount of the sample was
adjustedto reachthe optimumabsorptionthickness
(~/-lX=1.0,~/-listheabsorptionedge,x is thethickness
of thesample)sothattheproperedgejump stepcould
be achievedduringmeasurements.All of the spectra
wererecordedat room temperaturein a transmission
mode.Higherhannonicswereeliminatedby detuning
thedoublecrystalSi(1ll) monochromator.Threegas
filled ionization chamberswere used in series to
measurethe intensitiesof the incidentbeam(10)' the
beamtransmittedby the sample (It) and the beam
subsequentlytransmittedby thereferencefoil (lJ The
third ion chamberwas used in conjunctionwith the
referencesample,which wasa Pt foil for Pt Lm-edge
measurementsand a Co foil for the Co K-edge
measurements.The controlof parametersfor EXAFS
measurements,datacollectionmodes,andcalculation
of errorswereallcarriedoutaccordingtotheguidelines
36
AtomicDistributionof PtCo/C Nanopartic/esas InvestigatedbyX-RayAbsorptionSpectroscopy(AbdulHamidBudiman)
Table I. Coordination numberand alloying extent PtCo/C
No.
Time f CO reatmet L NPt-iLNco-iJPtJco
I.
Oh8.657.2870.5178 40
2.
3 h936 74 8880 12
3
5 783765 993
4
7 5663964
5
5 .91 045
Where:
Prandom=CalculatedfromtheatomicratioofPt andCo
Rrandom=CalculatedfromtheatomicratioinPtCoNPs
FromTable1,wecanseethatforPtCotreatedCO
for 0, 3 and 5 hours, the total coordinationnumber
parameterrelationshipof ~NPt_i>~Neo-iandthealloying
extentJPt<JeoindicatethatCo atomaresegregatingat
thesurfaceof thenanoparticleandPt atomatthecore
resultingPt-richcore-Co-richshelltructure.Meanwhilefor
PtCotreatedCO for7and15hours,thetotalcoordination
numberparameterelationshipof ~Npl_i< ~Neo_iand
alloying extent Jp, > J Coindicate that Pt atom are
the composition.In this direction,we have analyzed
the bimetallicNPs of typeA-B by XAS. Firstly we
estimatethe ratio of the coordinationnumberof Pt
around Co and also coordination number of Co
around Pt to the total coordination number, then
wededucedthequalitativeparameter,JPtandJeo forthe
alloyingextentinPtCobimetallicNPs. Thesestructural
parameterare not only helpful to distinguishrandom
andnonrandom alloyingPt andCo in a PtCo cluster
butalso give informationabouttheextentPt andCo
atomicdistributioninnanoparticle[3-5].
The calculationof JPtandJeoofPtCo bimetallic
NPs involves,obtainingtheratioof scatteringatomCo
coordinationnumberaroundabsorbingPt atom(NPt.c)
to thetotalcoordinationnumberof absorbingplatinum
atom("NPt_i=NPt_eo+NPt_Pt)denotedasPobserved( Pobserved
=NPt_e/,'NPt).The Pobservedprovidesinformationonthe
probabilityofPt bondswithaCo atomandservesasan
indextoPtatomicdistributioninaPtCocluster.Similarly,
theratioof thescatteringatomPt coordinationnumber
aroundabsorbingCo atomto the total coordination
numberofabsorbingcobaltatom("Neo-i=Neo-Pt+Neo-eo)
denotedas Robserved'(Robserved= Neo_p/"Neo)'Robserved
providesinformationon theCo atomicdistributionin
aPtCocluster.
OncePobservedan Robservedaluesaredetermined
fromXAS coordinationnumberparameter,thevalueof
JPtdanJeocanbe estimatedby usingtheEquation(1)
andEquation(2) respectively
setby theInternationalXAFS SocietyStandardsand
CriteriaCommittee.
EXAFS DataAnalysis
The XAS experimentaldatawere treatedby
utilizingthestandardprocedures.TheEXAFS function,
X, wasobtainedbysubtractingthepostedgebackground
fromthe overallabsorptionandthennormalizedwith
respecto theedgejumpstep.ThenormalizedX(E) was
transformedfromenergyspaceto k-space,were"k" is
the photoelectronwave vector.The X(k) datawere
multiplied by k2to compensatefor the dampingof
EXAFS oscillationsinthehighk-region.Subsequently,
k2 weighted X(k) data in k-space ranging from
3.53to 13.95A-I for thePt L m-edgeandfrom3.53to
10.36A-I for theCo K-edgewereFouriertransformed
(FT) into r-spaceto separatetheEXAFS contribution
fromthedifferentcoordinationshells.A nonlinearleast
squaresalgorithmwasappliedto thecurvefittingof an
EXAFS in the r-spacebetween1.8and3.2A for both
Pt andCo dependingon thebondto befitted.
The PtCo referencefile was determinedby a
theoreticalcalculation.Referencephaseandamplitude
forthePt-Ptabsorberscatterpairswereobtainedfroma
Pt foil. For theCo-Co andCo-O absorberscatterpairs,
the phase and amplitude were obtained from the
reference Co foil and CoO, respectively. All of
the computer programs were implemented in
the UWXAFS 3.0package,with the backscattering
amplitudeand the phaseshift for the specific atom
pairs being theoretically calculated by using
the Feff7 code. From these analysis, structural
parameters uch as coordinationnumbers(N), bond
distance(R), Debye-Waller factor (dcr2)and inner
potential shift (dEo) have been calcul~ted.For the
amplitudereductionfactor,S02,valuesforthePt andCo
wereobtainedby analyzingthePt andCo foil reference
samplerespectively,and by fixing the coordination
numberintheFEFFIT inputfile.
RESULTS AND DISCUSSION
The structureof bimetallicNPs whichcontains
two kinds of metalelements,may possesthe crystal
structuresimilareithertothebulkalloyor anothertype
thatisthedistributionof eachmetalelementsisdifferent
fromthebulk.
Many reports have appeared describe
the applicability of XAS to figure the structural
models for bimetallic NPs, but researchershave
proposedonly qualitativelythe structuralmodelsof
bimetallicNPs suchasrandomalloy,clusterandcore
shellstructure,
It is of interest to estimatethe alloy extent
or atomicdistributionof elementin bimetallicNPs
to get more detail about the structure and
J =Pobserved xl00
PI Prandom
J c =Robserved xl 00
o Rrandom
...........................................(1)
..........................................(2)
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Figure 1. Schematicof bimetallicnanoparticlesatvariousdegreeof alloying[1]
Pt richin Shell- Co richin
Corestructure
• Pt \!Y Co
Alloy structure
Figure 2. StructureCatalystwaschangedby inducedsur-
facesegregation
segregatingatthe surfaceof thenanoparticleandCo
atom at the core resulting in Pt-richshell-Co-richcore
structure.
The atomicstructureof PtCo/C nanoparticleare
derivedfrom experimentallyobtainedXAS structural
parameterandthealloyingextentof Platinum(lPt) as
well asCobalt(lea>-Thesestructuralparameterarenot
only helpful to distinguishrandomand non random
alloying Pt and Co in a PtCo cluster but also give
informationaboutthextentPtandCo atomicdistribution
innanoparticleasshownin Figure1.
The surfaceof a bimetallicsystemcanbe vary
different from the bulk, it dependson the heatof
segregationandthesurfacemixingenergy.Thechemical
potentialof thegasphaseis also influencethesystem
sincethestrongbondingof adsorbateswill resultin a
gainin energyof thesystem[12].An adsorbateinduce
to the systemwill control the surfacesegregationas
shownintheFigure2.
FromtheXAS measurementit canbeconcluded
thatthisexperimentisrelatedtotheCase3,whichis JPt
<100%andJeo<100%,thenbothPt andCo atomsare
notpreferredtobealloyed,andit indicatesthatahigher
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extentof Pt/Co atomsprefer only to a lesserextent
alloyingbetweenPt andCo atoms.If Jeo>JPt, itappears
thatthecoreis rich in Pt atomsandshell is rich in Co
atoms.Onthecontraryif JPt >JeoresultinginCo atoms
arerich in thecoreandPt atomsarerich in theshell.
CONCLUSION
The relationshipbetweenalloying extentand
Pt d-band vacancies in PtCo/C electrocatalysthas
been established,which is tunablewith Pt and Co
composition and strongly impact on the catalytic
activityfor ORR. It is foundthatthecatalyticactivity
ofPtCo/C treatedCO for 3hours,theORR isthehighest
due to its higher alloying extent.The XAS results
revealthatthetimeof treatmentinfluencesthesurface
population hence the structure of the catalyst.
Catalysttreatedfor 0, 3 and 5 hours leadsto higher
populationof Pt on thecoreandCo wasmovedto the
surfaceresultingto Pt rich in core Co rich in shell,
while treated for 7 and 15 hours leads to higher
populationofPt ontheshellandCo onthecoreresulting
toPt rich inshellCo rich incore.
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